Objective: Tests of cognitive abilities are particularly susceptible to culture-based bias because these abilities are culturally bound. The specific purpose of this study was to examine the Semantic Interference Test, a clinical neuropsychological test, for culture bias. Method: The sample included 415 community-dwelling participants (mean age 74, SD = 8.32; 308 were females) living in South Florida (USA). The sample included 72 African Americans, 93 Afro-Caribbeans, 77 Hispanic Americans, and 173 European Americans. An Item Response Theory analysis of bias was employed using the Differential Item Functioning (DIF) procedure. Results: Overall, the items appear to be invariant across gender, ethnicity, and education levels. Although the DIF identified several items that appear to differ across the two latter groupings, the multiple group confirmatory factor analysis (MG-CFA) suggests that these items have low impact on the overall measure. There were however, meaningful differences across age groups in the MG-CFA, suggesting that an age adjustment might be required. Conclusion: The SIT can be considered a cognitive test that is not significantly affected by the participants' cultural background, at least within the culture range included in this study
Tests of cognitive abilities are particularly susceptible to culture-based bias because these abilities are culturally bound (e.g. Ardila, 1995; Fletcher-Janzen, Strickland, & Reynolds, 2013; Uzzell, Ponton, & Ardila, 2013) . Bias is defined as systematic error or distortion in the measurement process (Osterlind, 1983) . A test is considered biased if the results systematically disadvantage certain groups of individuals over others, such as Hispanic or African American individuals, people from lowerincome or with lower education levels, or those who are not proficient in the test language. Systematic errors in construct or predictive validity associated with an examinee's group membership constitute evidence of a biased test (Beller, Gafni, & Hanani, 2005) .
Loewenstein, Argüelles and colleagues have conducted a number of related studies evaluating instruments for test bias across ethnic groups. Considerable cultural bias has been found in Digit Span, Wechsler Adult Intelligence Scale-Revised, and letter fluency tasks (Loewenstein, Argüelles, Argüelles, & Linn-Fuentes, 1994; Loewenstein, Argüelles, Barker & Duara, 1993) , the Boston Naming Test (Argüelles & Loewenstein, 1997) , and semantic fluency (Acevedo et al. 2000) . Certain tests of ideational praxis such as preparing a letter for mailing were also found to be culturally biased for unimpaired African American and Cuban American older adults residing in the community (Loewenstein et al., 1998) . Tests of higher order financial skills such as writing a check and balancing a checkbook may be particularly biased against individuals with low premorbid educational attainment and backgrounds that have not provided familiarity with these tasks (Loewenstein & Mogosky, 1999) . Nonverbal tests could be as susceptible to culture and education bias as are verbal tests (Rosselli & Ardila, 2003) .
Culture refers to shared knowledge, values, beliefs, attitudes, and preferences of a group of people that is acquired by social learning, accumulated over time, and affects behavior (Harris, 1988) . In a simple way, culture could be defined as the impaired Spanish-speaking and English-speaking dementia patients and normal elderly controls (Loewenstein, Acevedo, Agron, & Duara, 2007) . There is also information suggesting that the OME is useful with African American patients and that it is not susceptible to the confounding effect of low educational attainment (Loewenstein, Duara, Argüelles, & Argüelles, 1995) . However, to our knowledge the OME with the added interference paradigm, i.e., the Semantic Interference Test has not been tested cross-culturally for potential bias in diverse ethnic groups.
We evaluated the fairness of the SIT across a diverse culture group using IRT. This culturally diverse group included participants from South Florida who identified as African Americans, Afro-Caribbeans, Hispanic Americans, or European Americans. Although the definition of cultural diversity in this article was based on ancestral origins, we are aware that these cultural labels serve as proxies for between-group variation in other variables such as socioeconomic status, educational level, language, acculturation, health care access, and geographic origination, among other factors (Pedraza & Mungas, 2008) .
Our predictions were that the SIT would evidence age effect, while small or no ethnic group-based bias or by levels of educational attainment. These predictions were based on the fact that the items of the SIT come from the Fuld Object-Memory Evaluation (OME) a memory test that allows the examiner to evaluate memory and learning using multisensory (tactile, visual, and verbal) encoding of objects. These conditions eliminate the effects of poor vision, hearing, language handicaps, or inattention because the procedure guarantees attention even under adverse testing conditions. The Fuld OME is sensitive to age but is robust regarding low education. Among individuals with low education, the test can distinguish between cognitively normal versus cognitively impaired patients and between individuals with memory deficits derived from dementia versus psychiatric illness (Marcopulos, Gripshover, Broshek, McLain, & McLain, 1999) . Finally, the Fuld OME has been established as an appropriate tool for memory deficits for diverse ethnic groups (Loewenstein et al., 1995; Marcopulos & McLain, 2003; Mast, Fitzgerald, Steinberg, MacNeill & Lichtenberg, 2001 ) and has shown appropriate ecological validity (Rahman-Filipiak et al., 2015) .
Methods

Participants
The sample included 415 community-dwelling subjects who were participants of the FAU Healthy Aging Research Initiative (HARI). Their ages ranged from 59 to 96 (M = 74, SD = 8.32). One hundred seven (25.78%) were male, 308 (74.22%) were female. The sample was ethnically diverse with 77 individuals (18.55%) self-identifying as Hispanic, 72 (17.35%) as African American, 93 (22.41%) as Afro-Caribbean, and 173 as European American (41.69%). Two hundred fiftythree (60.96%) were born in the US. The average number of years of education was 13.46 (SD = 4.80) and the mean MMSE (Folstein, Folstein, & McHugh, 1975) was 27.06 (SD = 2.98). Subjects were recruited from senior centers, places of worship, and senior housing facilities, and consented according to procedures approved by the University Committee for the Protection of Human Subjects. Consents and all assessments were administered in the primary language of the participant, English or Spanish. In this sample the Afro-Caribbean group were all from Anglophone countries and therefore spoke English.
Inclusion criteria. Noninstitutionalized, community-dwelling men and women age 55 or older with an MMSE (Folstein et al., 1975) score of 23 or higher, adjusted for age and education (Iverson, 1998) were included. Participants were speakers of English or Spanish as a primary/native language. The cutoff of 23 in the MMSE was used as previous research has shown that when participants with low levels of education were included, this cutoff allowed the best balance between sensitivity and specificity (Kochhann, Varela, Lisboa, & Chaves, 2010) . Using this cutoff will also account for the interaction of education and age in the MMSE, since longitudinal observations in undiagnosed dementia individuals have shown that an MMSE score in the 90th percentile for women with low education is 29 at 75 years old, compared to 23 at 95 years old (Dufouil et al., 2000) . In support of the cutoff of 23 for Spanish-speaking Americans are findings by Espino, Lichtenstein, Palmer, and Hazuda (2004) reporting a mean MMSE score in healthy Mexican Americans of 23.6. Exclusion criteria. To ensure inclusion of participants who were cognitively intact and were independent in their activities of daily living, any individuals with the inability to walk 10 feet independently or with aid of a device (cane or walker) were excluded. MMSE scores below 23 and a capacity score below 5 out of 6 on IRB-approved questions testing comprehension of the consent process. Active psychotic symptomatology and visual or hearing deficits that would preclude participation in the testing.
There were significant differences in sociodemographic characteristics across the four ethnic groups. The Europeans Americans were significantly older (M = 76, SD = 8.71) and had more years of education than members of the other three groups. All Hispanic participants and the majority of the Afro-Caribbean participants were born outside the US, while the opposite was true of African Americans and European Americans. Differences in MMSE scores across the ethnic groups were significant (see Table 1 ).
Instruments and Procedures
All participants were screened using the MMSE followed by the administration of a neuropsychological battery that included the Semantic Interference Test. African Americans, Afro-Caribbeans, and European Americans were tested in English whereas Hispanic Americans were tested in Spanish by native Spanish-speaking psychometricians. Hispanic Americans were from Spanish-speaking Latin American countries and all Afro-Caribbeans were from Anglophone countries. All participants reported their native language as their preferred language.
Semantic Interference Test (SIT)
The SIT testing procedure begins with the three trial version of the Fuld Object Memory Evaluation (OME: Fuld, 1981) in which 10 common objects (button, scissors, ball, ring, matches, cup, playing card, nail, key, and bottle) are presented inside a black bag (Bag A). The participant identifies by touch the objects one by one. Incorrectly identified items are then visually presented for identification. The participant's vocabulary words are used avoiding the culture or education effect in vocabulary The examiner provides the name of any misnamed object after visual inspection. After all objects are placed back into the bag, the subject is presented with a distractor task lasting 30 or 60 s. During each recall trial, the subject is allowed 60 s to recall all the contents of the bag. The subject is then selectively reminded of those items which were not recalled and then administered another distractor task. This sequence of recall trials is followed by selective reminding cues interspersed with distractor tasks and continues for three trials. The SIT adds an additional set of 10 items into Bag B (belt, bowl, bracelet, can, knife, lighter, lock, screwdriver, and whistle) that are semantically related to items on the Fuld OME, and is administered to subjects after the three recall trials of the modified Fuld OME (Loewenstein et al., 1995) . Subjects are required to recall this new set of objects, a recall that is susceptible to proactive interference (i.e., old learning of the previous OME items interferes with learning of the new set). This is followed by recall of the original list of OME objects (Bag A-short delayed recall), a recall that is vulnerable to retroactive interference (i.e., new learning of Bag B items interferes with retrieval of previously learned information). The semantic Interference (SIT) score includes the immediate recall of Bag B items (10 words) and Bag A short delay recall (10 words). These 20 items are the ones analyzed in this paper.
Results
SIT -Descriptive Statistics
Mean SIT score was 11.76 (SD = 3.06), ranging from 2 to 19, with no significant difference by ethnic group membership. Differences by gender were not significant. However, differences by years of education (grouped as <4 years, 4-8 years, and ≥9 years) approached significance, [F(2,412) = 2.70; p = .069, η 2 = .013] suggesting the importance of a careful examination of DIF results by education. However, the effect of education on the SIT explained one percent of the variance. There were also significant differences in SIT scores by age group (<65, 65-75, >75), [F(2,412) = 23.96; p < .0001 η 2 =.104] (see Table 2 ). 
SIT Statistical Analysis
Two primary analytical techniques were employed to assess the SIT, a Rasch analysis and a multiple group confirmatory factor analysis.
Rasch model. The Rasch measurement model (Rasch, 1960) was used because it has linear scaling properties (Embretson & Reise, 2000) and is mathematically well suited for correlation, regression analysis and change measurements. Additionally, Rasch models examine the data for potential problems that indicate flaws in how the data fits the theoretical model at the item and person levels (Bond & Fox, 2007) .
Rasch analysis provides quality control using fit statistics to test assumptions of fundamental measurement (Wright & Stone, 1979) . This fit statistic tests achievement of the measurement assumption that high scorers should get most of the easier items correctly. Once the overall fit is assessed, person and item misfit items can be assessed qualitatively to examine the potential causes for the misalignment. These misalignments may include items that are problematic because of content, wording, or in this case, less familiarity with an item across ethnic groups.
The Rasch model provides two indicators of misfit: infit and outfit. Infit is sensitive to unexpected behavior affecting responses to items near the person ability level and outfit is outlier sensitive. Mean square fit statistics are defined such that the model-specified uniform value of randomness is 1.0 (Wright & Stone, 1979) . Person fit is the extent to which the person's performance is consistent with the way the items are used by the other respondents. Item fit indicates the extent to which the use of a particular item is consistent with the way the sample respondents have responded to the other items. For the Rasch analysis, Winsteps Version 3.80.0 software was used.
Person and item reliability and overall fit. The 20 item SIT had low person reliability of .54 with a Cronbach alpha of .55 which is below the acceptable α = .70 level. The separation value of 1.08 indicates there is approximately one separation level thereby splitting persons into two groups (Low and High) on the Rasch ruler. This separation is most likely related to the inclusion criteria used for this study in which the moderately and severely cognitively impaired participants were excluded based on MMSE scores.
There is good item reliability of .97 with item separation of 5.85 indicating that approximately six item groups are placed reliably on the ruler (Table 3 and Fig. 1 ). As can be seen in Fig. 1 , the items are primarily grouped between −1 and 2 suggesting that most items were correctly identified and were relatively easy for these participants.
Principal component analysis of residuals. As can be seen in Table 4 , the principal component analysis of the standardized residuals indicates that the variance explained by the measures is 16% and is below the suggested minimum measurement dimension of greater than 20% (Reckase, 1979) . Likewise, the unexplained variance of 7.4% in the first construct is slightly greater than a third of the variance explained by the measured items, also suggesting that the SIT is not measuring a unidimensional construct.
Differential item analyses. To assess the invariance of estimates of item difficulty across gender, education level, age, and the four ethnic groups, a differential item functioning (DIF) analysis was conducted. This type of analysis allows us to assess whether items significantly differ across groups. Bond and Fox (2007) suggest that any items that are statistically different across groups should be investigated to define the implications of the underlying construct and what this implies about the sample. A significant DIF is defined as a logit difference >0.05 for all comparisons (Bond & Fox, 2007) . To assess the impact of the DIF score and the need for either adjustment or deletion, multiple group confirmatory factor analysis (MG-CFA) was conducted (Joreskog & Goldberger, 1975; Muthen, 1984) . In Table 5 and Fig. 2 , the relationship of each item of the SIT and differences across group membership are presented. When DIF has a negligible impact, the difference will be close to zero. If DIF makes a large impact, this difference will be reflected with a logit greater than 0.05. None of the items differed across gender, however multiple items differed across ethnicity. Item A4 (card) was difficult to recall for both the Hispanic American and Afro-Caribbean groups, while B4 (can) was harder for the Afro-Caribbean group. Item B10 (whistle) was harder for the European American group. While Items A5 (Cup) and A9 (Ring) were more difficult for the Hispanic Americans to recall, items A8 (Nail) and B9 (Screwdriver) were easier for this group compared to the other three ethnicities. Additionally, the Afro-Caribbean group had more difficulty with item A6 (key), but had less trouble with B2 (bowl). African Americans only did worse on item A10 (scissors) compared to the other ethnicities. Participants with lower education levels did better on items A5 (cup) and B6 (knife) compared to those with a medium to high education level. There were also very slight differences in age across items with item A8 (nail), which was a little higher for the 65-75 age group. That age group had more difficulty recalling item B8 (lock), while the younger age group (<65) remembered B6 (knife) than in the 65-75 and better than the 75-year-old group.
Multiple group confirmatory factor analysis. To assess the impact on the DIF scores across gender, ethnicity, education levels, and age groups, separate MG-CFAs were conducted. Fig. 3 reflects the theoretical model. The multiple group confirmatory factor analysis was conducted using AMOS 24. To save space, only the general theoretical model is presented. However, separate models were tested for each of the four multi-group comparisons (Table 6 ). For example, the first group assessed was gender. According to the DIF analysis, results differed by gender on Item B3 (bracelet). The MG-CFA indicated that there was no meaningful impact of item DIF on the overall latent construct of SIT between genders [χ (80) = 122.9, p<.001 and ΔCFI=.06] suggesting a need to adjust for age or weights added to the SIT scoring for age. 
Discussion
The purpose of this study was to assess SIT item invariance across gender, ethnicity, education levels, and age, in a culturally diverse group of older adults from South Florida. Results suggest that, in general, the items appear to be invariant across gender, ethnicity, and education levels. Although the DIF identified several items that appear to differ across these groupings, the MG-CFA suggests that these items have low impact on the overall measure. There were however, meaningful differences across age groups in the MG-CFA, suggesting that an age adjustment might be required.
Differences across the three age groups were significant, with participants older than 75 scoring lower than younger ones. This age effect was not explained by item bias since the DIF disclosed only three items with variations in level of difficulty across age groups. These findings suggest that age increases the likelihood of proactive and retroactive interference during verbal memory tasks. In support of our results are findings by Wahlheim, Ball, and Richmond (2017) who found a significant effect of age on the production and monitoring mechanisms of the free recall of words under conditions of proactive and retroactive interference. Moreover, in experiments in which the dual-list free word recall paradigm is used, results have demonstrated that older adults recalled fewer correct responses (Sahakyan & Hendricks, 2012; Shiffrin, 1970; Unsworth, Brewer, & Spillers, 2013; Wahlheim & Huff, 2015) . In the current study, the European Americans were significantly older than the other three ethnic groups. Therefore, it is possible that this reduced this group's SIT scores, decreasing any potential cross-cultural differences.
Although the overall SIT test did not show ethnic bias or significant group differences, some items demonstrated differences in the degree of recall difficulty across culture groups. For example, the following items (with their Spanish equivalent presented in parentheses) were easier for the Hispanic group compared to the other groups: "Nail" (clavo/puntilla), "Screw driver" (destornillador), and "Key" (llave). While "Cup" (taza), and "Ring" (anillo) were more difficult to recall for Hispanics. Since the African Americans, Afro-Caribbeans, and European Americans completed the SIT in English and the Hispanics in Spanish, linguistic factors influencing the recall of these words may explain these findings. Searching for differences in the frequency of use of these words in Spanish and English we used the NIM (named after the most famous talking chimp: Nim Cimpsky -Marc Guasch-personal communication). The NIM is Web-based software (Guasch, Boada, Ferré, & Sánchez-Casas, 2013 ) that includes Spanish (LEXESP; Sebastián-Gallés, Martí, Carreiras, & Cuetos, 2000) and English datasets (British National Corpus Consortium, 2007) . These datasets show that "nail", "screwdriver", and "key", have a frequency of 7.44, 2.20, and 126, respectively, per million English words. In Spanish, "clavo", "destornillador", and "llave" showed a frequency of 5.33, 0.71, and 22.74, respectively, per million Spanish words. Therefore, the better recall of these words in Spanish speakers compared to English speakers could not be explained by a higher frequency in Spanish than the corresponding words in English. On the other hand, NIM software showed that "cup" and "ring" have a frequency of 121.80, and 68.87 per million English words, respectively; whereas "taza", and "anillo" showed a frequency of 16.70, and 14.74, respectively, per million Spanish words. Therefore, for these words, the recall differences between the English and Spanish-speaking groups could be explained by the smaller frequency in Spanish than the corresponding words in English. Furthermore, the items "can" (lata) and "key" (llave) were more difficult for the Afro-Caribbean group, whereas the item "whistle" (silbato) was easier. One item, "card" (carta/naipe) was harder for both the Hispanic and Afro-Caribbean groups compared to the European American and African American groups, suggesting the impact of the American culture in frequency of word and/or item use on SIT performance. It has been shown that frequency of use of specific words can influence their recall (Lohnas & Kahana, 2013) . The finding that both Hispanics and Afro-Caribbeans showed the same pattern of difficulty with this item rules out the relevance of linguistic factors underlying this result.
The DIF analysis uncovered small effects across some SIT items in favor of European American and African American groups with most of the differences seen in comparison to the Hispanic Americans. However, as explained previously in the MG-CFA the differences have a low impact of the overall across ethnicities ΔCFI=.001 suggesting an ethnically invariant instrument and supporting the SIT's culturally diverse validity.
Another interesting finding drawn from the Principal Component analysis is that semantic interference as measured by the SIT is a multidimensional construct. In fact, the SIT analyzes the interaction between learning and memory while examining the interference effects: memory for List A attenuates learning of List B (i.e., proactive interference [PI]), whereas learning of new information in List B attenuates memory for previously learned information in List A (i.e., retroactive interference [RI]). Investigations have highlighted the strong influence of executive control processes on the effects of both PI and RI in memory retrieval (Anderson, 2003) . Others have suggested that susceptibility to RI may be modulated by the integrity of the encoding and consolidation processes (Humphreys, Bain, & Pike, 1989) . It is possible that the cognitive multidimensionality of the SIT makes this test sensitive to the earliest cognitive changes in abnormal aging.
One important limitation of the current study is the use of MMSE as the sole screening measure for cognitive decline. The MMSE has been shown to have a limited diagnostic validity for MCI (Kim et al., 2017; Li, Takechi, Kokuryu, & Takahashi, 2017) . Although moderately and severely cognitively impaired participants were excluded, it is possible that some of the individuals participating in this study may have been suffering from early Alzheimer disease, despite normal scores on the MMSE. Future research should replicate our findings ruling out MCI using a neuropsychological battery. Moreover, one next step would be to test the diagnostic sensitivity and specificity of the SIT with different culture groups.
The unequal distribution of age and education in the ethnic groups constitutes another potential shortcoming of the current study. It would have been ideal to compare the SIT scores across ethnic groups matched by age and education; however, it is difficult to have similar demographic distributions due to age and education disparities across ethnic groups in the US. According to the estimates of U.S. census, in the year 2015, 89% of white Americans (non-Hispanics) had a high school or higher level of education compared to 75% of African Americans (not Hispanic), and 54% of Hispanics (Administration on Aging, 2015). Similar disparities are reported by age. In 2014, the U.S. census reported that 22% of individuals 65 and older were members of racial or ethnic minority populations-9% were African Americans (not Hispanic), and 8% were of Hispanic origin (who may belong to varied racial groups). Therefore, the sample of this study is a reflection of the demographic characteristics of the U.S. population. Moreover, the ethnic groups from this study cannot be matched by level of education, as 50% of the European Americans obtained the highest level of education, compared to 14-19.8% for the other ethnicities. Therefore, we do not have enough individuals at each level of education to conduct a propensity analysis. Future research with a larger sample should use propensity score matching to replicate our findings.
An important strength of this study is the evaluation of DIF on one of most sensitive tests of abnormal cognitive aging. DIF analyses are still uncommon statistical methods in neuropsychology. Without such specific analyses, it is impossible to determine whether observed score differences across groups may be due to measurement bias or true group differences. Although Hispanics and African Americans tend to score lower on verbal memory tests, possibly as a result of the widespread use of tests with education and ethnicity biases, we found that the SIT is not biased for these two demographic variables.
Previous research shows that the SIT is a sensitive measure for early AD (Loewenstein et al., 2004) and MCI (Loewenstein et al., 2004; 2007) . Our data suggests that it can be used for diagnostic purposes in different culture groups with different educational backgrounds in the US. The next research step would be to test the diagnostic sensitivity and specificity of the SIT for neurodegenerative disorders in different culture groups. Given that the SIT is a verbal test, it could be particularly useful in the characterization of degenerative disorders affecting language, such a Primary Progressive Aphasia (PPA). Several PPA subtypes have been described, including one with memory deficits (Harris et al., 2013) . The SIT could be useful in the characterization of PPA subtypes and in the differential diagnosis between PPA and AD.
It should be emphasized that our results showed that the SIT was not significantly affected by either education level or culture background. It has been well documented that education level has an important influence over cognitive tests, but that the magnitude of this effect depends on the particular test (Ardila et al., 2010; Ardila, Ostrosky-Solis, Rosselli, & Gómez, 2000) .
For example, education level has a stronger effect in letter fluency than in category fluency tasks. The current test can be considered an example of a test in which education only has a tangential effect. By the same token, it has been well established that cultural background significantly impacts cognitive test performance on both verbal and nonverbal tests (Rosselli & Ardila, 2003) . Efforts have been made to develop culture free cognitive tests (Ardila, 2007; Cole, 1999; Gálvez-Lara et al., 2015) . The SIT can be considered a cognitive test not significantly affected by the participants' culture background, at least within the culture range included in this study. Future research needs to determine whether these results can generalize to other culture/ethnic groups within and outside of the US.
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